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1. That the purpose of this declaration is to establish 
completion of the invention claimed in this application in 
the United States at a date prior to April 27, 2000, the 
effective date of U.S. Patent No. 6,551,747 to Gan. 

2. That we are the inventors of the subject matter 
disclosed and claimed in the above-identified patent 
application filed May 17, 2001. 

3 . That the claimed invention was conceived and reduced 
to practice prior to April 27, 2000, as evidenced by the 
six page Patent Disclosure attached as Exhibit 2. 

4. That from this Patent Disclosure, it can be seen that 
the claimed invention directed to an electrochemical cell 
having an anode; a cathode of a first fluorinated carbon of 
a first energy density and a first rate capability and a 
second cathode active material of a second energy density 
and a second rate capability, wherein the first energy 
density of the first fluorinated carbon is greater than the 
second energy density while the first rate capability is 
less than the second rate capability of the second cathode 
active material; a cathode current collector comprising 
spaced apart major sides with the first fluorinated carbon 
positioned proximate one of the major sides and the second 
cathode active material contacting the other major side of 
the cathode current collector; and an electrolyte 
activating the anode and the cathode, wherein the 
fluorinated carbon is characterized as having been 
synthesized from a fibrous carbonaceous material having 



Received from < 716 759 5815 > at 10)8/03 10:19:34 AM [Eastern Daylight Time] 



10/08/2003 10:28 FAX 716 759 5815 



WGB TECHNOLOGY LEGAL 



@025 



- 3 - 



sufficient spacing between graphite layers to substantially 
restrict expansion due to solvent co-intercalation, was 
reduced to practice before the effective date of the Gan 
patent cited by the Examiner in the office action dated 
July 28, 2003. 

5. As a person signing below: 
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own knowledge are true and that all statements made on 
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punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such 
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Invention Disci sure 

Title: Control of Cell Swelling by the Proper Choice of Carbon Monofluoride (CFx) 

Cathode Materials in High Rate Defibrillator Cells 

Date of Invention: Dec. 17, 1999 

Inventors: Hong Gan, Sally Smesko and Esther Takeuchi 
Wilson Greatbatch Ltd. USA 

Field of Invention 

The current invention addresses the use of CFx prepared from highly structured carbon 
precursors. It relates to an application and design of a defibrillator battery and in particular a high 
capacity lithium battery designed for high rate discharge application in which the battery contains 
"SVO-Current collector-CFx-Current collector-SVO" sandwiched cathode configuration. 

Description of the Prior Art 

In a previous patent disclosure (titled: Sandwich Cathode Design for High Capacity Alkali 
Metal Cell with High Discharge Rate Capability), a sandwiched cathode design in a high rate cell 
has been discussed. The concept was to construct a lithium cell containing the sandwich cathode 
which was composed of a first cathode material (high energy density materials such as CFx. 
Ag202, SVO, etc.) sandwiched between two layers of current collector, which was again 
sandwiched between two layers of the second cathode material (with high power capability, such 
as SVO. CSM, Mn02, etc.). Significantly higher capacities were obtained from cells with 
sandwiched SVO/CFx/SVO cathode design relative to that of cells using only SVO material in a 
conventional cathode design. In addition, the higher capacity of the cell has been achieved without 
the sacrificing the cell's power capability. Therefore cells constructed with this new cathode 
design can be a very good candidate as a power source for the implantable cardiac defibrillators. 

Other than cell capacity, one concern for implantable medical device application is the cell 
swelling during discharge. This must be considered for the device design so that enough void 
space is left for this cell volume change in order to prevent damage of the device circuitry. The 
more swelling of the cell, the more void space may have to be reserved, the larger the device total 
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volume may be. In the field of implantable biomedical devices small total device volume is 
desired. Thus it is desirable to minimize or eliminate the existence of cell swelling which will 
allow more efficient design and the safe use of the device. 

CFx material serves as a cathode material for low-weight lithium cells. It has been 
observed that when Li/CFx cells, with CFx synthesized from petroleum coke, are discharged 
under high currents, significant cell swelling was observed. This cell swelling phenomenon was, 
however, not observed for cells discharged under low current. Since in the application of the 
implantable defibrillator, the cells were periodically pulse discharged under very high current 
density (23.2 mA/cm2 or higher for example), the application of the same CFx material in the 
defibrillator cell is thus posted a potential cell swelling issue. We found that the swelling of cells 
containing SVO/CFx/SVO sandwich cathode can be significantly minimized by choosing CFx 
materials synthesized from proper starting carbon materials. CFx synthesized from carbon fiber, 
and potentially from mesophase carbon microbeads (MCMB) or expanded graphite are identified as 
the best CFx materials which will induce minimum cell swelling in the cells containing CFx as part 
of the cathode material relative to that synthesized from graphite or petroleum coke. 

Summary of the Invention 

The object of the present invention is to minimize or eliminate the swelling of lithium cells 
that contain CFx as part of the cathode material under high rate discharge. A further object of this / 
invention is to identify proper CFx materials which can be synthesized from carbon precursors 
with special structural characteristics. We have found that the above objectives can be achieved by 
using CFx material synthesized from carbon fiber. The same effect could also be achieved by 
synthesizing the material from MCMB or expanded graphite. 

CFx cathode materials retain the layered structure of the carbon precursor. Upon 
discharging in lithium cells, lithium ion was intercalated into the layered structure to react with 
fluorine (which has been attached to the carbon backbone either covalently or ionically) to form 
lithium fluoride. At the same time, the carbon with the layered structure was formed. The cell 
reaction is shown below: 

CFx + xLi C + xLiF 

It is well known that lithium ion exists in the electrolyte mostly as a solvent solvated ion. 
When it was intercalated into the carbon layers of CFx under discharge, solvent co-intercalation is 
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also thought to exist. It is hypothesized that the solvent which co-intercalated into the carbon 
layered structure forms a solvated reaction untermediate. This intermediate would cause the 
destruction of the carbon structure and resulted in the expansion of the discharged CFx electrode. 
Under high rate discharge, more solvent molecules will co-intercalate into the layered structure 
within short period of time which will create high concentration of solvent molecules locally and in 
turn will cause more layered structure destruction or expansion at the local region. Therefore, in 
order to minimize or eliminate cell swelling, the layered carbon destruction or expansion due to the 
solvent co-intercalation should be minimized. 

The goal can be achieved by modifying the carbon microstructure of the CFx material. 
Materials with the following structures are proposed: < ?arbon fiber with annual ring layered 
structure where graphite crystallite edges exposed only on the cross section!carbon fiber with 
^radial layered structure where all of the fiber surface has the graphite crystallite edges exposed, 
^MCMB with radial-like texture where all of the surface of a MCMB has the graphite crystallite 
edges exposed, finally th^fexpanded graphite which has the distance between the carbon layers 
already increased such that the further expansion of the graphite due to solvent co-intercalation will 
be minimized. 



The benefit of using above carbon materials as precursor for CFx synthesis to minimize cell 
swelling is based on their structure. Since the layered structure of carbon is expected to be 
maintained after fluorination, the effect of carbon structure on the solvent co-intercalation and on 
the swelling of the carbon particles upon discharge will become very significant For carbon fiber 
with annual ring structure, the swelling is most likely happen in the dimension perpendicular to the 
axis due to the d spacing increase between the graphite ring layers. However, the increase of d 
spacing between the graphite layers should be limited. The strength of the carbon-carbon bonds 
within the graphite layer will prevent the further expansion of the graphite ring. In the case of 
carbon fiber and MCMB with radial like textures, the expansion of the carbon materials due to the 
co-intercalation of solvent are expected to be small due to the physical restraint of the carbon 
layered structure. When solvent molecules were intercalated into the carbon layers, the increased d 
spacing between the graphite layers will generate expansion tension directed along parallel to the 
carbon surface. Thus, unless the carbon fiber or MCMB three dimensional structure break up, the 
carbon particles are less likely to be swelled. As a results the cell swelling phenomenon will be 
minimized. In the case of expanded graphite, since the d spacing of the graphite layers is already 
increased, it will allow more solvent molecule to be co-intercalated before the further increase of d 
spacing between the carbon layers. In Other words, CFx synthesized from expanded graphite 
should allow higher discharge rate than that of CFx synthesized from regular graphite before 
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cathode swelling occurs. In principle, any carbon material with structures which restrict the 
increase of d spacing between the graphite layer can be considered good precursor for CFx 
synthesis. The use of CFx synthesized from these carbon materials is beneficial to achieve cell 
swelling minimization or elimination. 

Detailed Description of the Preferred Embodiments 

In the present invention, the anode used is lithium metal and the cathode is the transition 
metal oxide Ag2V 4 0i i (SVO) and Fluorinated Carbon. (CFx). The cathodes had sandwich 
structure with CFx sandwiched between two layers of cathode current collectors which is again 
sandwiched between two layers of SVO layers. Electrolyte for the cell is 1.0M LiAsF 6 in one to 
one volume ratio of propylene carbonate (PC) and 1 ,2-dimethoxy-ethane (DME) plus 0.05M 
dibenzyl carbonate (DBQ. 

Example I 

For all the cells, lithium anode material was pressed on nickel current collector screen. The 
cathodes were pressed on two layers of titanium current collector screen with the configuration of 
SVO-screen-CFx-screen-SVO. A prismatic cell stack assembly configuration with two layers of 
microporous membrane polypropylene separator sandwiched between the anode and cathode was 
prepared. The electrode assembly was then hermetically sealed in a stainless steel casing in a case 
negative configuration and activated with the electrolyte. The theoretical capacity of the cell is 
2.645 Ah. 

Two cells were constructed with CFx material synthesized from petroleum coke (group 1). 
Four cells were constructed with CFx synthesized from carbon fiber (group 2). One cell from 
group 1 and one cell from group 2 were accelerated pulse discharged. Pulse trains with four 10 
second 2 Amp current pulses and 15 second rest between the pulses were applied every 30 
minutes. The capacities delivered at three voltages cut off are summarized in Table 1 . 

Table 1 

Group Capacity atCut Off (mAh) Efficiency at Cut Off (%) 

2.0V 1.7V 1.5V 

1 1816 2069 2274 

2 1967 2205 2320 



2.0V 


1.7V 


1.5 V 


68.7 


78.2 


86.0 


74.4 


83.4 


87.7 
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The data in the above table demonstrate that group 2 cell with CFx synthesized from carbon 
fiber delivered more capacities and higher efficiencies at all three voltages cut off than cells 
constructed with CFx synthesized from petroleum coke. The cell thickness before and after 
discharge was also measured (see Figure 1). 

To check the swelling characteristics of these cells, one cell from group 1 and three cells 
from group 2 wens discharged the same way as described above except only 50% theoretical 
capacity was removed. The cell thickness was measured before and after the discharge test. The 
cell thickness data are summarized in Figure 1. As shown in Figure 1, group 1 cells swelled 
significantly. The larger the DOD, the more the cell swelling. In contrary, group 2 cells exhibited 
fairly insignificant swelling throughout the discharge. 

I nventors Signature; , Pats: Laboratory Notebook Page: 
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